Abstract
Introduction

28
Replicability is essential to the scientific progress and has been the subject of intense debate in recent years. In 29 biomedical sciences, some authors have argued that a large fraction of scientific studies are unreproducible, calling 30 into question the value of discoveries and initiating a fierce debate [1] [2] [3] .
31
In a study posted on BioRxiv and later published, Tabak and colleagues questioned the replicability of findings we 32 published in 2010 and the physiological relevance of the GALNTs Activation (GALA) pathway [4] . In this 2010 33 paper, we proposed that GALNTs enzymes are regulated through trafficking from the Golgi to the ER. We showed 34 that this relocation is induced by the tyrosine kinase Src. We further proposed that stimulation of cells by growth 35 factors such as EGF and PDGF is able to induce this relocation, consistent with one proposed mode of activation of 36 Src. We showed evidences that the Arf1-COPI machinery responsible for Golgi to ER traffic is involved in this 37 relocation. Furthermore, we showed evidences that GALNTs are active in the ER and that their activity is stimulated 38 by the relocation, constituting a potent mechanism to control O-glycosylation, which we named the GALA pathway. 
56
In our 2010 paper, we proposed that an alternative mechanism can also drive high Tn: the relocation of GALNTs to 57 the ER induces an accumulation of Tn in this organelle. Since the ER tends to mesh the whole cytoplasm, the result 58 is an increase of total cellular staining [4] . Importantly, we have not detected other O-glycans in the ER so far,
59
suggesting that GalNAc is not modified by C1GALT and other extension enzymes. As the ER is much larger than 60 the Golgi with a high content of proteins, the abundance of substrate and the lack of Tn modification can yield large 61 increases in Tn levels when relocation is marked.
62
In a subsequent study, using VVL staining fluorescence imaging and quantitative analysis on tissue microarrays, we 63 evaluated Tn levels increase to be up to 10 to 15 folds in human breast cancer tissues [18] . We showed that the 64 4 pattern of Tn staining in these samples is consistent with an ER localisation [18] . Furthermore, expressing an ER-65 targeted form of GALNT2 or T1 in cell lines such as HeLa, MDA-MB-231 and HepG2, is sufficient to induce a 6 to 66 10 fold increase of total HPL staining intensity [4, 18, 19] . By contrast over-expressing the wild-type form of the 67 enzyme has no or very limited effects on Tn. More recently, we have shown that relocation is also occurring in a 68 majority of liver cancers in humans and in mice [19] . Expressing an ER-targeted GALNT1 in this tumor model 69 strongly accelerates tumor growth. Together, these data suggest that GALNTs relocation to the ER has a selective 70 advantage for tumor cells and is the main mechanism driving Tn increase in breast and liver tumors.
71
How is the relocation process controlled? An RNAi screening approach revealed that GALNTs relocation is under 72 the control of a complex genetic network. Upon depletion of a number of genes, Tn cellular staining significantly 73 increases. 12 different genes were validated [20] . In the case of the Ser/Thr kinase ERK8, Tn levels increase ranged 74 from 6 to 15 folds depending on the experimental context. This study suggested that there might be many different 75 mechanisms able to induce the relocation of GALNTs, which is highly dependent on the status of the intracellular 76 signalling network. We found various evidences that pathways downstream of stimulation by growth factors such as 77 EGF and PDGF are able to activate GALA [4, 20] . However, stimulation by EGF and PDGF itself produce a 78 relatively moderate relocation.
79
In their study, Tabak and colleagues used EGF and PDGF stimulation and GALNTs staining and reported that they 80 could not observe a decrease GALNTs colocalisation with a Golgi marker or increase of colocalisation with an ER 81 marker.
82
In the intervening months, we have gone back to our initial study and data sets, repeated several experiments and 83 analysed raw data acquired by Herbomel et al. and shared during the process of publishing their study. We could 84 confirm that EGF and PDGF stimulation does induce changes in the pattern of Tn and GALNT staining. We 85 observed that these experiments are sensitive to culture conditions, in particular to FBS. We also found that the 86 relatively moderate effect was present in the images acquired by Herbomel but could not be quantified by the 87 analytical method they chose. Finally, we present different experiments and a new marker to facilitate the modeling 88 and measurement of the GALA relocation process in vitro and in vivo.
90 91
Results
93
Batch differences in FBS affect growth factor response
95
While we were analysing the causes of discrepancy between our results and those of Tabak's group, we considered 96 the possible influence of cell lines and culture conditions. HeLa cell lines are known to be highly variable [21] .
97
However we had sent our cells to the NIH and it did not seem to improve their experiments.
98
We grow HeLa cells with 10% Fetal Bovine Serum (FBS) which contains various growth factors and cytokines.
99
Before growth factor stimulation, the cells were washed twice with PBS before overnight starvation in serum-free 100 media. Over the years, we observed that different batches of FBS can have an effect on basal levels of Tn. We 101 compared how different batches of FBS might affect the experiment. With some batches of FBS, we were able to 102 observe an increase of 1.5 to 2 fold in Tn levels after 6h of EGF stimulation and to a lower extent with PDGF 103 treatment (Fig 1A, 1B) . However, we were surprised to find that when grown with other FBS batches, the effect of 104 EGF or PDGF was minimal to sometimes undetectable ( Fig 1C) . Thus, contrary to expectation, washing and led to increase in Tn levels of more than 6 fold on average (Fig 1D, 1E) . The effect was relatively variable between 112 cells, with up to 20 fold increase after 4h EGF stimulation in some cells (Fig 1E) . Thus, EGF stimulation can clearly 113 increase GALA levels and this is highly dependent on the levels of EGFR.
115
Imaging and analysis method significantly affect GALA quantification
116
The extent by which imaging modalities can affect results can easily be underestimated. Using high throughput 117 automated imaging conditions, we observe a 1.5-2 fold increase in Tn levels at 6 hours ( Fig 1A, 1B) . However, by 118 using high resolution images acquired at 40X objective, we could quantify up to 4-fold increase at 6-hour ( Fig 1F, 119 S1A). 
124
However, for optimal sensitivity of the relocation, the opposite approach of quantifying colocalization of HPL with
125
Golgi marker should be used (see also the description of quantification in M&M). Using our images, we could not 126 quantify relocation using Herbomel's method ("M2") but could detect an effect using the alternative approach 127 ("M1") ( Fig 1G, S1B ). The Journal of Cell Biology requested the raw images used in Herbomel study and shared 128 them. We used these images to run a quantification and we could again detect an effect both for GALNT and HPL
6
( Fig 1H, 1I and S1C). We conclude that the lack of effect reported by Herbomel et al. is due at least in part to their 130 imaging and image analysis methods.
132
Tn levels increase after EGF stimulation are due to GALNT1/2 activity 133 HPL and VVL stainings have been associated with structures alternative to Tn. A concern of Dr. Tabak during our 134 exchange of emails was that we were using HPL or VVL staining instead of relying only on GALNTs. To verify that 135 the increase in Tn levels was indeed due to an increase in GALNTs activity, we performed a double knock-down of 136 GALNT1 and 2, the main GALNTs expressed in Hela cells [23] . Depleting them completely abrogated the increase 137 in Tn induced by EGF (Fig 1J) .
139
Direct visual assessment of GALNTs ER relocation by immunofluorescence requires a marked relocation
141
EGF stimulation effect on the intracellular distribution of GALNTs can be observed in optimal conditions of culture 142 and imaging. However, we found that the total levels of Tn is a more reliable and sensitive approach. At high 143 resolution, after EGF stimulation, HPL staining appears highly disperse with a pattern reminiscent of the ER, while
144
GALNTs distribution still appears at the Golgi, while more fragmented (Fig 2A) . We interpret this difference as a 145 consequence of the high dispersion effect of relocation on GALNTs. The ER is a much larger organelle than the 146 Golgi and is distributed over the whole cytoplasm, so the GALNT signal is highly diluted. Because Tn is a more 147 abundant antigen and its levels increase after relocation, its staining can still be detected in the ER. To illustrate the 148 differences between Tn and GALNT stainings, we compared the same stainings after ERK8 depletion in HeLa cells
149
( Fig 2B) . In these conditions, Tn staining could easily be detected and was fully relocated to the ER while GALNT1 150 staining almost disappeared from cells (Fig 2B) . In sum, observing the relocation process by directly staining for
151
GALNTs requires strongly induced GALA and sensitive imaging methods.
153
Depletion of ERK8, a downstream target of EGFR signaling, leads to acute GALA activation
154
Growth factor stimulation leads to displacement of ERK8 from Golgi membranes and RNAi induced depletion of 155 ERK8 leads to a marked GALA [20] . We compared the effects of ERK8 depletion after three days with EGF 156 stimulation for 6 hours using identical cells and imaging conditions (Fig 2A,2B, S2A ). While EGF stimulation 157 induced a 4 fold increase in Tn levels, ERK8 depletion led to a 34 fold increase (Fig S2A) . However, the two 158 phenomenons appear to be related as treatment ERK8 depleted cells with the EGFR inhibitor AG-1478 reduced Tn 159 levels by at least 40% (Fig 2C, S2A) . Levels of Tn in human cancer tissues vary considerably but can often reach 20
160
fold increase compared to normal surrounding tissue levels. While the quantification method arguably differ 161 between tissue sections and cells in culture, it suggests that acute depletion of ERK8 is better able to reflect the 162 situation observed in human tumors. To note, we have not been able to establish a cell line stably depleted of ERK8.
163
To ascertain how general is ERK8 negative regulation of GALA, we repeated the knockdown in two other cell lines.
164
SKOV3 is a cell line originating from an ovarian cancer, with epithelial characteristics. ERK8 depletion led to an 8 165 fold increase in Tn levels in these cells (Fig 2D, 2E) . By contrast, knockdown in HepG2, an hepatocellular 166 carcinoma, did not induce significant GALA.
7
To explore the mechanism by which ERK8 depletion leads to GALNT relocation, we labeled ERK8 depleted cells 168 with a phospho-tyrosine antibody, PY20 (Fig 2F) . Phosphotyrosine staining increased at the Golgi level by about 3 169 fold. This is highly reminiscent of the effect of Src activation at the Golgi [24] . Furthermore, treating cells with the 170 Src tyrosine kinase inhibitor PP2 significantly reduced Tn levels (Fig 2H, S2C ). This data indicates that after three 171 days of knockdown, the tyrosine kinase and phosphatase balance at the Golgi had been durably affected. Whether 172 this increase correspond to an increase in Src activity or to another related kinase is not clear at present since the 173 more specific Src inhibitor SKI-1 (CAS 179248-59-0) did not reduce ERK8 depletion induced GALA.
175
The ER resident protein PDIA4 is a reliable marker of GALA activation.
176
As discussed above, imaging to quantify the levels of GALNT relocation has certain technical limitation. We 177 searched for an independent biochemical marker. In our 2010 paper, we showed that a reporter protein we called 178 ER-MUC5-GFP, a fragment of the mucin MUC5, fused with a signal sequence, GFP and an ER retention signal is 179 hyperglycosylated upon Src activation. While a sensitive system for ER localised GALNT activity, the obvious 180 limitation of this reporter system is that it requires transfection into cells. We recently identified PDIA4 as a resident
181
ER protein that gets hyperglycosylated in tumors that show increased levels of Tn [19] .
182
Here, we compared the increase of PDIA4 glycosylation with that of MUC-PTS. We used HEK293 cells as they are 183 more easily transfected. We found that EGF and PDGF stimulation led to an increase in glycosylation levels of
184
PDIA4 between 4 to 6 fold (Fig 3A, 3B ). This increase was comparable or higher than with the ER-MUC5-GFP 185 reporter (Fig 3A, 3B) .
186
In Hela cells stimulated with EGF, PDIA4 glycosylation increased nearly three fold and was stimulated by 187 expression of exogenous EGFR (Fig 3C, 3D) .
188
We next measured PDIA4 glycosylation upon ERK8 depletion in HeLa cells and, consistent with our previous 189 observations, obtained a robust, 6-fold increase in levels (Fig 3E, 3F) . The same marker, PDIA4 glycosylation, was 190 used to analyse liver tumors from mice (Fig 3G; see [19] for a description of the cancer model). The levels of 191 PDIA4 glycosylation in healthy liver were low and glycosylation increased as tumors progressed, from 2-11 fold at 192 early stages to 18-24 fold at late stage of tumor development. These increases mirror the total levels of Tn staining.
193
Thus PDIA4 glycosylation demonstrate a correlation between increased Tn levels at the histological level and
194
GALNT activity on an ER resident protein. 
208
It is possible that part of the confusion also arose from the fact that GALA is not an on/off system, but rather a 209 rheostat-type regulatory process. This is in contrast with other signaling events such as activation of ERK1/2, which 210 tends to function rather as an on/off switch. In cells stimulated by growth factors, GALA activation tends to be 211 moderate. It correlates with the levels of activation of tyrosine kinases as evaluated by phospho-tyrosine levels. Src
212
(or related tyrosine kinases) activation after EGF stimulation tends to be weaker than ERK1/2 (see for instance [26] .
213
It also varies between cell lines. For instance, HEK293T responded with marked increase in phospho-tyrosines as 
233
In a world increasingly concerned with scientific reproducibility, it is equally important to recognize the challenges 234 when attempting reproduction [31] . The complexity of biological systems make a full control of experimental 9 parameters difficult while modern cell biology techniques can be challenging to master. In our own group, genome 236 editing by CAS9-CRISPR was not 'reproducible' for months. Hopefully, the clarifications provided in this study 237 will help other researchers who wish to study the GALA pathway address its significance in tumor progression. 
238
Materials and methods
239
255
Mouse anti-GALNT1 antibody in hybridoma supernatant was a gift from H. Clausen (University of Copenhagen,
256
Denmark). GFP tagged epidermal growth factor receptor (EGFR) was a gift from W. Hong. siRNAs were purchased 257 from Dharmacon, Inc.
258
EGFR inhibitor AG-1478 (#S2728) was purchased from Selleckchem. Src family kinase inhibitor PP2 (#529573)
259
was purchased from Merck Millipore. 
287
For high resolution microscopy, cells were seeded onto glass coverslips in 24-well dishes (Nunc, Denmark). The
288
procedures for IF staining were the same as described above. To observe phosphotyrosine staining, the cells were 289 permeabilised with 0.2% Triton-X for 2 hour at room temperature and stained with anti-phosphotyrosine clone
290
PY20 antibody diluted in 2% FBS in D-PBS overnight. Cells were mounted onto glass slides using FluorSave
291
(Merck) and imaged with immersol oil using an inverted confocal microscope (Zeiss LSM700) at 40X, 60X or 100X 292 magnification.
294
Quantification of Immunofluorescence (IF) Staining
295
Image analysis of HPL intensity of images acquired on IXM was performed using MetaXpress software (version 
313
Image analysis of phosphotyrosine levels at the Golgi were quantified using the 'Translocation-enhanced' 314 application module in the software whereby the intensity of PY20 staining within the Golgi area (demarcated by
315
Giantin staining) per cell was quantified. 
